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I.  INTRODUCTION 

During  November  1975,  the  Moored  Surveillance  System  (MSS)  Field 
Validation  Test  (FVT)  was  conducted  under  the  sponsorship  of  the  MSS 
Project  Office  (PME  124-30)  of  Naval  Electronic  Systems  Command.  Applied 
Research  Laboratories,  The  University  of  Texas  at  Austin  (ARL:UT), 
participated  in  the  processing  and  analysis  of  the  acquired  ACODAC  data. 
The  results  of  this  work,  performed  under  Contract  N00039-77-C-0003, 
are  contained  in  a four-volume  report  describing  the  measurements  and 
analyses  of  candidate  sensor  performance  based  on  data  from  the  MSS-FVT. 
Volume  I desci ibes  the  data  collection  system  and  the  measurement  system 
used  to  obtain  the  results.  This  volume.  Volume  II,  contains  data 
products  obtained  with  standard  frequency  resolution  processing. 

Volume  III  contains  the  data  products  obtained  with  vernier  frequency 
resolution  processing.  Volume  IV  contains  the  background  information, 
summary  data  products,  and  analysis. 

Since  the  MSS-FVT  was  completed,  the  name  of  the  MSS  program  has 
been  changed  to  Rapidly  Deployable  Surveillance  System  (RDSS).  To  avoid 
ambiguity,  the  term  MSS  will  be  used  throughout  this  report.  However, 
the  issues  addressed  herein  are  those  that  were  specified  by  the  MSS 
Project  Office  and  were  of  interest  to  RDSS  at  the  time  that  this  report 
was  written. 

This  volume,  which  contains  the  standard  frequency  resolution  data 
products,  is  partitioned  into  four  sections.  The  first  section  is  this 
introduction.  The  second  section  describes  the  cv  data  products.  The 
third  section  describes  the  ambient  sound  field  (ASF)  data  products. 

The  fourth  section  is  a brief  discussion  of  the  utilisation  of  these  data 
products.  Much  of  the  text  in  this  volume  is  similar  to  that  in  Volumes 
I and  III,  but  is  repeated  here  so  that  each  volume  can  bs  used  indepen- 
dently of  the  others. 
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II.  cw  DATA  PRODUCTS 

The  standard  frequency  resolution  cw  data  products  contained  in  this 
volume  were  extracted  from  the  data  intervals  shown  in  Table  II-l.  The 
processing  parameters  are  summarized  in  Table  II-2.  The  cw  projector 
characteristics  used  in  the  performance  of  these  measurements  are 
summarized  in  Table  I 1—3 . The  cw  projector  source  levels  for  the 
CFAV  KAPUSKACING  are  higher  than  those  reported  previously  (Ref.  1). 

These  revisions  were  made  in  order  to  reconcile  the  propagation  loss 
curves  from  the  CFAV  KAPUSKACING  with  those  from  the  other  sources.  A 
detailed  description  of  the  measurement  system  can  be  found  in  Volume  I. 

Several  different  types  of  cw  data  products  are  contained  herein. 

Each  type  is  described  briefly,  arid  a table  of  curves  is  given.  The 
abbreviations  used  in  these  tables  and  the  text  are: 

Q7  CFAV  QUEST 

KP  CFAV  KAPUSKACING 

CH  R/V  CHAIN 
0 Omnidirectional  Sensor 
SC  Single  Cardioids  Sensor 
MGL  Maxi sun  Gain  Lioacons  Sensor 

VD  Vertical  Dipole  Sensor 
DC  Differenced  Cardioids  Sensor. 

These  curves  were  included  in  this  report  to  substantiate  the  observations 
in  Volume  IV,  and  to  furnish  a data  base  for  future  issues  not  addressed 
by  this  report.  For  completeness,  each  curve  containing  any  data  was 
included,  even  though  the  small  number  of  samples  may  minimize  its  statis- 
tical significance. 
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(U)  TABLE  1 1 - 1 

STANDARD  RESOLUTION  DATA  BASE 


Site  A1 

1200Z 

17  Nov [321 ] 

- 2359Z 

17 

Nov [321] 

Site  A2 

1200Z 

17  Nov [321] 

- 18S9Z 

17 

Nov  [321] 

Site  A3 

1200Z 

17  Nov [321 ] 

- 2359Z 

17 

Nov [321] 

[]  Julian  Day 
Z Greenwich  Mean  Time 
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(s) 


TABLE  1 1-2 


STANDARD  RESOLUTION  PROCESSING  PARAMETERS  (U) 


Parameter 

Sample  Rate: 

Frequency  Range 

EFT  Length 

Spectral  Window 

Frequency  Spacing 

.3  dB  Bandwidth 

Equivalent  Noise  Bandwidth 

F FT  Overlap 

ALI  Interval 

ALI  Type 

F FT/ ALI 


Value 

1250  Hz  (obtained  from  zero  crossings  of 
tape  servo  signal) 

10  to  600  Hz  (no  acoustic  data  below  30  Hz) 
6.55  sec  (8192  samples) 

Hanning 
0.1526  Hz 
0.2197  Hz 
0.2289  Hz 
501 
5 min 

Rectangular  Integration 
90 


Time  Bandwidth  Product 

Equivalent  Degrees  of 
Freedom 

Probability  of  False  Alarm 
Detection  Threshold 


66 . I 


161.6 

IQ'* 

-10.5  dB//H: 


5 


UNCLASSIFIED 


(U)  TABLE  1 1-3 

cw  PROJECTOR  CHARACTERISTICS  FOR 
STANDARD  RESOLUTION  DATA  PRODUCTS 


TOW 

PLATFORM 

NOMINAL 
FREQUENC / 
(Hz) 

NOMINAL 

LEVEL 

(dB//uPa) 

17  NOV  FIELD  EVENT  ' 

ON/OFF 
TIMES  (2) 

NOMINAL 
DEPTH  (m) 

CFAV 

S5 

141 

1230/2230 

no 

QUEST 

1SS 

134 

1230/2230 

no 

305 

136 

1230/2230 

no 

CFAV 

64 

162 

1230/2318 

no 

KAPUS RACING 

160 

161 

1230/2318* 

no 

260 

147 

1230/2318 

no 

R/V 

70 

166 

1225 '2200 

100 

CHAIN 

170 

156 

1225/2200 

100 

335 

1S4 

1645/2200 

100 

'FREQUENCY  VARYING  1 CYCLE 
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Data  products  of  the  first  type  are  termed  summary  detection  plots 
(Appendix  A,  Figs.  11—1  — 11-15).  These  are  plots  of  each  detected  line 
within  a frequency  band  as  a function  of  time.  The  solid  symbols  indicate 
that  the  line  was  detected  in  multiple  cells  and/or  on  mult-ple  beans  of 
the  sensor.  The  X symbols  indicate  that  the  line  was  detected  only  in  a 
single  cell  on  a single  bean  of  the  sensor.  The  solid  line  emanating 
from  each  symbol  indicates  the  maximum  signal-to- noise  ratio  (S/N)  of  any 
cell  of  the  line.  If  the  sensor  provides  bearing  information,  the  solid 
line  also  indicates  the  estimated  bearing,  north  being  the  top  of  the  plot. 
The  dashed  lines  indicate  which  of  the  detections  were  linked  by  the 
tracking  algorithm.  Tnese  displays  are  intended  to  provide  qualitative 
information  about  the  environment  in  which  the  processor  must  function  in 
terms  of  line  loading  and  relative  clutter  density  between  sensors  and 
frequence  regimes.  Hore  quantitative  information  will  be  found  in 
Section  III  cf  this  volume. 

Data  products  of  the  next  type  (Appendix  B,  Figs.  11-16  - 11-142)  are 

termed  line  history  plots,  and  are  cataloged  m Table  11-4.  These  are 

plots  of  the  estimated  cv  signal  parameters  as  a function  of  time.  The 

top  portion  of  the  plot  contains  a solid  line  indicating  ground  truth 

source-to-receiver  ,-a.uge  in  nautical  miles  and  X’s  indicating  the  number 

of  equivalent  degrees  of  freedom  for  each  At. I • Hie  seeond  portion  contains 

a solid  line  denoting  ground  truth  receiver-to-source  bearing,  X's 

indicating  the  estimated  signal  bearing,  and  . ;’s  indicating  the  estimated 

noise  bearing-  Gaps  in  the  so’ id  ground  truth  lines  indicate  intervals 

of  missing  data,  such  as  calibration  signal  intervals.  The  third  portion 

l '2 

contains  the  estimated  ambient  sound  field  (ASF)  levels  in  dUZ/pPa/Hi 
The  omnidirectional  (0)  and  vertical  dipole  (Vt»  sensor  curves  contain  a 
single  trace  of  connected  X's.  The  curves  plotted  for  SC  (single 
cardioids),  fSGl.  (aaxiaua  gain  lis&acons),  and  DC  (differenced  cardioids) 
contain  a trace  for  each  beam,  which  is  labeled  by  the  first  letter  of  its 
main  axis  bearing  (north,  cast,  south,  anv  vest).  AFF  level  e (mates 
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were  displayed  only  when  the  signal  was  detected.  The  fourth  portion  of 
the  plot  contains  the  estimated  sound  pressure  level  (SPL)  in  dB//yPa  of 
the  received  signal.  The  0 and  VD  sensor  curves  each  contain  two  traces; 
the  X's  denote  the  levels  for  the  cell  with  the  highest  S/N  (most  detect- 
able); the  +'s  denote  the  levels  summed  over  all  detected  cells,  as  is 
normally  done  when  computing  propagation  loss.  The  SC,  MGL,  and  DC  sensor 
curves  each  contain  four  traces,  each  giving  the  levels  for  the  most 
detectable  cell  on  a be^m  and  annotated  in  the  same  manner  as  the  ASF 
levels.  The  fifth  portion  of  the  plot  contains  the  S/N  in  decibels 
relative  to  a ; Ht  noise  band.  The  traces  are  defined  in  the  same  manner 
as  the  SPL  curves.  The  dashed  line  denotes  the  detection  threshold.  The 
bottom  portion  of  the  plot  contains  two  traces;  the  X's  denote  the  esti- 
mated signal  frequency,  and  the  l's  denote  the  line's  bandwidth.  These 
displays  c-'-  all  of  the  information  known  about  the  signal.  All  of 

the  remaining  cw  data  products  are  derived  from  these  data. 

Data  products  of  the  next  type  (Appendix  C,  Figs.  11-143  — 11-150) 
are  termed  propagation  loss  plots,  and  are  cataloged  under  the  0 sensor 
columns  of  Table  II-5.  These  are  plots  of  the  estimated  cw  propagation 
loss  in  decibels  as  a function  of  range  in  nautical  miles.  Below  these 
are  other  traces  denoting  the  associated  signal  excess,  (S+N)/N,  at  each 
range  bin  in  decibels  relative  to  the  noise  level  in  the  analysis  band- 
width. These  traces  indicate  the  confidence  associated  with  the  measure- 
ments. The  bottom  traces  denote  the  estimated  background  ASF  levels 
associated  with  each  range  bin.  These  measurements  were  derived  for  a 
1 nmi  range  bin,  and  smoothed  with  a 3-bin  sliding  average.  The  received 
signal  power  was  estimated  from  the  cell  with  the  highest  S/N  of  any 
detected  cell  on  any  beam.  Since  these  are  single  cell  measurements,  they 
will  show  more  loss  than  the  total  received  SPL  technique,  such  as  was 
used  in  Ref.  2.  This  difference  is  discussed  in  Volume  IV. 

Data  products  of  the  next  type  (Appendix  D,  Figs.  11-151  — 11-182) 
are  termed  signal,  noise,  and  array  gain  plots,  and  are  listed  in  Table  II 
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(C)  under  sensors  other  than  0 (SC,  MGL,  etc.).  These  are  plots  of  measured 

sensor  signal,  noise,  and  S/N  levels  relative  to  those  of  an  omnidirectional 
sensor  (0)  as  a function  of  range.  The  top  portion  of  the  plot  indicates 
how  many  samples  (0  sensor  detections)  occurred  in  each  range  bin.  The 
next  portion  contains  traces  denoting  the  measured  signal  gain  of  the 
sensor,  where  signal  gain  is  the  ratio  of  the  received  SPL  of  this  sensor 
over  chat  of  the  0 sensor.  The  next  portion  contains  traces  denoting  the 
measured  array  gain  of  the  sensor,  where  array  gain  is  the  ratio  of  the 
S/N  of  this  sensor  over  that  of  the  0 sensor.  The  bottom  portion  contains 
traces  denoting  the  measured  noise  gain  of  the  sensor,  where  noise  gain 
is  the  r.  io  of  the  ASF  level  of  this  sensor  over  that  of  the  0 sensor. 

Since  signal  gain  is  primarily  a .'unction  of  range,  and  noise  gain  is  a 
function  primarily  of  time,  this  display  allows  array  gain  to  be  interpreted 
in  terms  of  both  range  ?■  i time.  All  of  the  traces  were  computed  with  1 nmi 
range  bins  ">.nd  smoothed  with  a 3 nmi  sliding  average. 

(C)  When  computing  average  S/N  as  a function  of  range,  if  the  signal  is 

not  detected  during  every  AH,  che  resultant  average  will  be  biased  high. 
This  bias  occurs  because  or"y  che  highest  S/N  are  detected.  To  reduce  this 
bias,  the  detection  threshold  (Table  ’1-2)  has  been  substituted  for  the 
missing  S/N  whenever  che  target  was  not  detected.  This  debiasing  technique 
was  used  both  for  computing  array  gain  and  also  for  generating  curves  of 
S/N  versus  range. 

(C)  Data  products  of  the  next  type  (Appendix  E,  Figs.  11-183  — 11—225 > 

are  termed  percentage  detection  plots,  and  are  cataloged  in  Table  II-6. 

These  curves  of  single  line  detection  percentages  were  calculated  as  the 
number  of  independent  detection  opportunities  (ALl  intervals)  that  the 
specified  source  was  within  a given  integer  1 nmi  range  inte^vax  and  was 
detected,  divided  by  the  numbei  of  such  opportunities  For  multibeam 
sensors,  detection  on  any  beam  was  considered  a detection  for  the  sensor. 

If  the  number  of  equivalent  degrees  of  freedom  for  an  ALI  was  less  than 
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(C)  that  specified  in  Table  II-2  (i.e.,  some  portion  of  the  ALI  interval  was 
missing),  and  the  signal  was  not  detected,  then  the  ALI  was  not  counted 
as  a valid  detection  opportunity.  This  editing  criterion  was  required 
because  the  detection  threshold  for  each  ALI  was  determined  by  its  number 
of  degrees  of  freedom.  All  of  the  traces  were  smoothed  with  a 3 nmi 
sliding  average.  If  the  sensor  furnished  a bearing  estimate,  its  rms 
bearing  error  was  also  plotted  as  a function  of  range. 

(C)  Data  products  of  the  next  type  (Appendix  F,  Figs.  11-226  — 11-251) 

are  termed  bearing  error  plots,  and  are  cataloged  in  Table  II-7.  These 
are  curves  of  the  number  of  bearing  estimates  (detections) , the  mean 
bearing  error  (estimated  bearing/ground  truth  bearing),  the  rms  bearing 
error,  and  the  bearing  error  standard  deviation,  all  plotted  as  a function 
of  S/N  (dB//l  Hz  noise  band).  The  ground  truth  bearing  was  computed  from 
the  navigation  reconstruction  as  the  great  circle  receiver-to-souice 
bearing  at  the  receiver  and  at  the  beginning  of  the  ALI.  The  estimated 
bearings  were  corrected  for  magnetic  variation  and  acoustically  debiased 
(see  Volume  I).  Each  trace  was  smoothed  with  a 3 dB  sliding  average. 

(C)  Data  products  of  the  last  type  (Appendix  G,  Figs.  11-252  — 11-294) 

are  curves  of  S/N  (dB / / 1 Hz  noise  band)  versus  range  (nmi),  and  are 
cataloged  in  Table  II-8.  These  measurements  were  obtained  from  the 
detected  cell  with  the  highest  S/N  on  any  beam.  As  described  earlier, 
these  results  are  partially  debiased  by  substitution  of  the  detection 
threshold  for  ALI  intervals  without  signal  detections.  The  detection 
threshold  is  drawn  on  each  plot.  Each  trace  was  smoothed  with  a 3 nmi 
sliding  average. 
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III.  AMBIENT  SOUND  FIELD  DATA  PRODUCTS 

Four  types  of  ambient  sound  field  (ASF)  measurements  were  performed 
using  the  sound  pressure  levels  at  an  omnidirectional  sensor,  noise  gains 
of  directional  sensors,  and  clutter  (processor  loading)  statistics  of  each 

t 

sensor.  The  standard  frequency  resolution  ASF  data  products  cover  a wide 
frequency  range  (40  to  600  Hz)  at  three  sites,  but  are  only  of  12  hours 
duration.  The  vernier  frequency  resolution  ASF  data  products  in  Volume  III 
are  of  longer  duration,  but  have  only  limited  frequency  coverage.  Each 
data  product  set  can  be  used  to  extrapolate  the  other  to  different 
frequencies  or  times. 

Data  products  of  the  first  type  (Appendix  H,  Figs.  11-295  — 11-297) 

are  termed  3D  plots.  These  are  3-dimensional  representations  of  omni- 

1/2 

directional  ASF  levels  (dB//yPa/Hz  ) as  a function  of  time  and  frequency. 
Each  trace  denotes  the  average  over  a 10  min  time  interval,  and  has  had  no 
smoothing.  These  displays  serve  as  a roadmap  of  the  data  since  they  reveal 
signatures,  tones,  artifacts,  and  broadband  trends. 

Data  products  of  the  second  type  (Appendix  I,  Figs.  11-298  — 11-327), 

are  termed  timeseries  plots,  and  reveal  the  time  dependence  of  the  ASF 

measured  in  selected  1/10-octave  bands.  The  first  three  figures  contain 

1/2  . . 

the  omnidirectional  ASF  levels  (dB//uPa/Hz  ~)  at  each  site.  The  remaining 
figures  contain  the  noise  gains  (dB),  where  noise  gain  is  the  ratio  of  the 
ASF  level  of  this  sensor  over  that  of  the  omnidirectional  sensor. 

Data  products  of  the  third  type  (Appendix  J,  Figs.  11-328  — 11-357), 

are  termed  percentile  distributions,  and  reveal  the  distribution  of  the 

ASF  measurements  in  contiguous  1/10-octave  bands.  The  first  three  figures 

1/2 

contain  the  distributions  of  the  omnidirectional  ASF  levels  (dB//uPa/Hz  ) 
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at  each  site.  The  remaining  figures  contain  the  noise  gain  (dB) 
distributions  for  each  beam  of  the  directional  sensors.  Those  displays 
denote  the  ASF  distribution  only  for  the  shipping,  enviroi. mental,  and 
sea  surface  conditions  encountered  during  the  17  November  field  event, 
and  do  not  apply  to  other  conditions,  such  as  lower  sea  r.tates. 

Both  the  timeseries  plots  and  percentile  distributions  were  derived 
from  ASF  measurements  summed  over  1/10-octave  bands.  These  summations 
increase  the  number  of  equivalent  degrees  of  freedom  of  the  measurement, 
and  thus  decrease  its  observed  variance.  The  high  frequency  bands  are 
wider  than  the  low  frequency  bands  and  therefore  will  appear  to  be  more 
stable.  This  increased  stability  with  frequency  might  not  occur  when  the 
ASF  is  measured  with  bands  of  uniform  width,  and  the  ASF  distributions 
will  have  a larger  variance  when  measured  with  individual  FFT  cells. 

Data  products  of  the  last  type  (Appendix  K,  Figs.  11-358  — 11-372), 
are  termed  clutter  timeseries  plots.  These  are  plots  of  the  number  of 
detected  cells,  the  number  of  lines  formed,  and  the  number  of  lines 
linked,  for  each  ALI  interval  as  a function  of  time.  The  frequency 
range  has  been  divided  into  four  octaves,  with  separate  curves  for  each. 

Octave  (Hz)  Number  of  Cells 


AO 

to 

80 

260 

80 

to 

160 

520 

160 

to 

320 

1040 

320 

to 

600 

1830 

Plots  have  been  included  for  each  site  and  each  sensor.  The  detection, 
line  formation,  and  line  tracking  algorithms  are  described  in  Volume  1. 

The  clutter  timeseries  plots  are  intended  to  portray  the  shore  link 
and  processor  capacity  required  for  operation  in  the  absence  of  targets. 
To  provide  accurate  clutter  measurements  it  is  necessary  to  first  elimi- 
nate the  loading  incurred  due  to  the  presence  of  the  exercise  vessels 
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(C)  and  projectors.  For  example,  a close  inspection  of  the  summarv  detection 
plots  will  reveal  that,  during  phase  II,  the  CFAV  KAPUSKACING  projector 
generating  at  least  eight  lines  in  addition  to  the  three  scheduled 
lines.  Such  lines  would  have  dominated  the  clutter  counts  had  they  not 
been  removed.  Table  II-9  lists  those  lines  which  have  bean  deleted  from 
the  clutter  measurements  along  with  their  probable  sources. 


? ( 


19 


CONFIDENTIAL 


CONFIDENTIAL 


(C)  TABLE  II-9 

LINES  DELETED  FROM  CLUTTER  MEASUREMENTS  (U) 


40  to  80  Hz  OCTAVE 

42  Hz  Recording  System  Artifact  (Differenced  Channels  Only) 

SS  Hz  Scheduled  QUEST  Projector  Line 

64  Hz  Scheduled  KAPUSKACING  Projector  Line 
70  Hz  Scheduled  CHAIN  Projector  Line 

80  to  160  Hz  OCTAVE 

125  Hz  Recording  System  Artifact 

128  Hz  KAPUSKACING  Projector  Harmonic  (2x64) 

132  Hz  KAPUSKACING  Projector  Artifact  (260-2x64) 

1S5  Hz  Scheduled  QUEST  Projector  Line 
160  Hz  Scheduled  KAPUSKACING  Projector  Line 

160  to  320  Hz  OCTAVE 

170  Hz  Scheduled  CHAIN  Projector  Line 

192  Hz  KAPUSKACING  Projector  Harmonic  (3*64) 

250  Hz  Recording  System  Artifact 

260  Hz  Scheduled  KAPUSKACING  Projector  Line 

238  Hz  KAPUSKACING  Projector  Harmonic  (160*2x64 j 

305  Hz  Scheduled  QUEST  Projector  Line 

320  Hz  KAPUSKACING  Projector  Harmonic  (5*64  or  2*160) 

320  to  600  Hz  OCTAVE 

324  Hz  KAPUSKACING  Projector  Artifact  (64 ♦ 260) 

335  Hz  Scheduled  CHAIN  Projector  Line 

356  Hz  CHAIN  Projector  Artifact  (Prior  to  Voltage  Adjustment  at  164S2) 
384  Hz  KAPUSKACING  Projector  Artifact  (64*2*160) 

388  Hz  KAPUSKACING  Projector  Artifact  (2*64*260) 

525  Hz  Recording  System  Artifact  (Site  A1  Only) 

600  Hz  Recording  System  Artifact  (Site  A1  Only) 
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IV.  DISCUSSION 

The  analysis  of  the  data  presented  in  this  volume  is  contained  in 
Volume  IV.  However,  some  of  the  limitations  of  these  data  should  be 
pointed  out  so  that  those  without  access  to  Volume  IV  will  not  draw 
unwarranted  conclusions. 

The  curves  in  this  volume  denote  the  estimated  averages  of  complex 
stochastic  processes.  The  estimates  are  displayed  as  a function  of  a single 
variable,  such  as  range,  even  though  they  may  be  highly  dependent  on  another 
vaiia, >Ie,  such  as  the  time  dependence  of  S./N  or  array  gain.  The  signal, 
noise,  and  array  gain  displays  allow  the  time  and  range  dependencies  to  be 
somewhat  separated,  whereas  the  percentage  detection  and  S/N  versus  range 
displays  do  not-  Even  though  the  propagation  loss  and  signal,  noise,  and 
array  gain  displays  separate  the  time  dependence  of  the  ASF  from  the  range 
dependence  of  the  signal  field,  they  dc  not  isolate  the  time  dependence  of 
the  signal  field.  However,  since  these  curves  are  in  , ood  agreement  for 
all  three  data  intervals  at  Site  A3,  the  day-to-day  time  dependence  of  the 
signal  field,  as  observed  with  a 5 min  ALI,  is  probably  small. 

Since  the  curves  are  estimated  averages  of  complex  s'ochastic  processes 
(assumed  to  be,  in  a wide  sense,  stationary),  the  variance  of  these  estimates 
is  highly  dependent  on  the  number  of  sample  measurements . For  most  of  the  cv 
curves,  and  particularly  for  the  lower  level  signals,  the  number  of  samples 
is  small  (<10).  The  variance  of  each  curve  has  been  decreased  ,y  a smoothing 
window  which  effectively  tripled  the  number  of  samples  in  each  bin,  but  also 
decreased  the  resolution  of  the  curve.  However,  the  statistical  fluctuations 
of  these  estimates  do  not  entirely  account  for  the  apparently  anomalous 
results  from  the  low  level  signals.  As  is  discussed  in  Voluac  IV,  these 
results  are  sometimes  severely  biased.  This  is  because  a fixed  threshold 
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(U)  detection  process  was  used  to  extract  signal  measurements,  and  thus  only 
that  portion  of  the  signal  SPL  distribution  lying  above  the  threshold  was 
used  to  estimate  its  average.  For  the  higher  level  sources,  more  of  the 
SPL  distribution  was  detected  and  used  to  estimate  its  average.  As  was 
discussed  earlier,  a simple  technique  wos  used  to  partially  debias  the 
S/N  results. 

(C)  The  results  which  appear  most  anomalous,  i.e.,  those  at  55  Hz,  were 

caused  by  the  complete  SPL  distribution  being  undetectable.  Detections  at 
55  Hz  occurred  only  when  the  ASF  level  in  the  signal  cell  exceeded  the 
estimated  ASF  mean  level  sufficiently  that  it  forced  the  signal  plus  noise 
level  above  the  detection  thres.  old;  this  results  in  erroneous  cw  measure- 
ments (Ref.  3).  This  phenomenon  is  discussed  more  fully  in  Volume  IV, 
pp.  62-65. 
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APPENDIX  A 

SUMMARY  DETECTION  CURVES  (U) 
(FIGURES  II-l  - 11-15) 
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APPENDIX  B 

LINE  HISTORY  CURVES  (U) 
(FIGURES  11-16  - 11-142) 
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AM»TENT  SOUND  FIELD  LEVEL  versus  FREQUENCY  CURVES  (U) 
(FIGURES  11-295  - 11-297) 
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FIGURE  I I-?95 

MSS-FVT  PHASE  II  SITE  ?U  OMNI  DIRECT iONfll  SENSOR 
3D  REPRESENTATION  THE  AMBIENT  SOUND  FIELD  LEVELS 
DURING  THE  17  NOV  FIELD  EVENT  (Us 
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FIGURE  11-296 

MSS-FVT  PHASE  II  SITE  R2  OMNIDIRECTIONAL  SENSOR 
30  REPRESENTATION  THE  AMBIENT  SOUND  FIELD  LEVELS 
DURING  THE  17  NOV  FIELD  EVENT  (U) 
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MSS-PVT  PHASE  II  SITE  A3  OMNIDIRECTIONAL  SENSOR 
3D  REPRESENTATION  THE  AMBIENT  SOUND  FIELD  LEVELS 
DURING  THE  17  NOV  FIELD  EVENT  (U) 
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NO  ISP  GAIN  TIMPSPRIPS  CURVES  (U) 
(FIGURES  11-2118  - 1 1-327) 
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FIGURE  11-298 

MSS-FVT  PHASE  II  SITE  A1  OMNIDIRECTIONAL  SENSOR 
TIME  SERIES  OF  1 MIN  INTFNSI TY-AVERAGED  SOUND  PRESSURE  LEVELS 
THROUGH  1/10-GCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-299 

MSS-FVT  PHASE  II  SITE  A2  OMNIDIRECTIONAL  SENSOR 
TIME  SERIES  OF  1 MIN  INTENSITY-AVERAGED  S0UNO  PRESSURE  LEVELS 
THROUGH  1/lO-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-300 

NSS-FVT  PHRSE  II  SITE  R3  QMNIDIRECTIONRL  SENSOR 
TIME  SERIES  OF  1 MIN  I NTENS I TY-AVERAGED  SOUND  PRESSURE  LEVELS 
T THROUGH  1/ 1 O-OCTRVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-303 

HSS-FVT  PHRSE  II  SITE  R3  NORTH  CRROIOID 
TIME  SERIES  OF  1 MIN  INTENSI TY-AVERRGED  NOISE  GRINS 
THROUGH  1/IO-OCTRVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  1I-30M 

HS5-FVI  PHRSE  II  SITE  R1  ERST  CRRDIOID 
TIME  SERIES  OE  1 MIN  INTENSITY-RVERRGED  NOISE  GRINS 
THROUGH5 1/10-0CTRVE  BRNDS  DURING  THE  17  NOV  FIELD  EVENT  (J) 
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FIGURE  ! 1-305 

MSS-“VT  PHASE  II  SITE  A2  EAST  CARO I 010 
TIHE  SERIES  OF  1 MIN  INTENSI TY-AVERRGEO  NOISE  GAINS 
THROUGH  1/10- OCTAVE  8AN0S  OURING  THE  17  NOV  FIElO  EVENT  l U) 
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FIGURE  11-313 

MSS-FVT  PHASE  II  SITE  A1  VERTICAL  OIPOLE  SENSOR 
TIME  SERIES  OF  1 MIN  INTENSITY-AVERAGEO  NOISE  GAINS 
THROUGH  1/10-0CTAVE  BANOS  OURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-316 

NSS-FVT  PHASE  II  SITE  fll  DIFFERENCED  NORTH  CARDIOIO 
TIME  SERIES  OF  1 MIN  INTENSITY-AVERAGED  noise  gains 
THROUGH  1/1Q-QCTAVE  SANDS  DURING  THE  17  NOV  FIELD  EVENT  IUJ 
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FIGURE  11-317 

MSS-FVT  PHASE  II  SITE  A?  OIFFFRFNCED  NORTH  CARD10I0 
TIME  SERIES  OF  1 MIN  INTENSITY- AVERAGED  NOISE  GAINS 
THROUGH  1/10-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  iU) 
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FIGURE  11-318 

MSS-FVT  PHRSE  tt  SITE  R3  DIFFERENCED  NORTH  CRRDIOIO 
TIME  SERIES  OF  I MIN  I N TENS  I T Y--RVERRGED  NOISE  GRINS 
THROUGH  1/10-0CTRVE  8RNDS  OlRING  THE  17  NOV  FIELD  FVENT  t U ) 
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FIGURE  11-319 

HSS-FVT  PHASE  Ii  SITE  Al  DIFFERENCED  EAST  CARCIOID 
TIME  SERIES  OF  1 MIN  INTENS I TV -RVERAGED  NOISE  GRINS 
THROUGH  1/lO-OCTAVE  BANDS  DURING  THE  17  NO/  FIELD  EVENT  (U) 
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FIGURE  I i ^'u 

MSS-FVT  phhSE  I!  SITE  HI  DIFFERENCED  SOUTH  CARD IOIO 
TIME  SERI  EC  Or  I MlN  1NTENSI TY-RVERRGED  NOISE  GRINS 
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FIGURE  II -324 

MSS-FVT  PRRSE  II  SITE  R3  DIFFERENCED  SOUTH  CRRDIQ1D 
TIME  SERIES  OF  I MIN  INTENSI TY-PVERRGED  NOISE  GRINS 
THROUGH  1/lO-OCTfiVE  8RN0S  DURING  THE  17  NOV  FIELD  EVENT  IUJ 
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FIGURE  1 1-325 

HSS-FVT  PHASE  II  SITE  A1  DIFFERENCED  WEST  CORDIOID 
TIME  SERIES  OF  I MIN  I NTFNS I TY- AVERAGED  NOISE  GAINS 
THROUGH  1/10-QCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  t 1-327 

MSS-FVT  PHASE  II  SITE  S3  DIFFERENCED  WEST  CARD 10 ID 
TmE  SERIES  OF  1 MIN  INTENSITY-AVERAGED  NOISE  GRINS 
THROUGH  l/lG-0€TfiV£  BANDS  DURING  THE  17  NOV  FIELD  EVENT  fb) 
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FIGURE  11-328 

MSS-FVT  PHASE  II  SITE  A1  OMNIDIRECTIONAL  SENSOR 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  SOUND  PRESSURE  LEVELS 
THROUGH  1/10-GCTAVE  BANOS  DURING  THE  17  NOV  FIELD  EVENT  (U 
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FIGURE  11-329 

MSS-FVT  PHRSE  II  SITE  R2  OMNIDIRECTIONAL  SENSOR 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  SOUND  PRESSURE  LEVELS 
THROUGH  1/lO-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  II -330 

MSS-FVT  PHASE  II  SITE  A3  OMNIDIRECTIONAL  SENSOR 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  SOUND  PRESSURE  LEVELS 
THROUGH  1/iO-CCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-331 

MSS-FVT  PHASE  II  SITE  A1  NORTH  CAROIOIO 
PERCENTILE  LEVELS  OF  i MIN  AVERAGED  NOISE  GAINS 
THROUGH  I/IO-GCTAVE  BANOS  OURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-332 

MSS-FVT  PHqSE  II  SITE  R2  NORTH  CRR0I0I0 
PERCENTILE  LEVELS  OF  1 MIN  RVERRGED  NOISE  GRINS 
rHR0USH  1/1Q-0CTRVE  BRNDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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MSS-FVT  PHASE  II  SITE  A3  NORTH  CARDIOID 
PERCENTILE  LEVELS  OF  i MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/10-GCTRVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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I FIGURE  11-334 

MSS-FVT  PHASE  II  SITE  fll  EAST  CARD  1 0 1 D 
1 PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 

A THROUGH  1/lO-OCTAVE  BANDS  OURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-335 

MSS-FVT  PHASE  II  SITE  A2  EAST  CAROIOID 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/10-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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1 FIGURE  11-336 

MSS-FVT  PHASE  II  SITE  A3  ERST  CRRDIOID 
T PERCENTILE  LEVELS  OF  1 MIN  RVERRGEO  NOISE  GRINS 

i THROUGH  1/1O-0CTRVE  BRNOS  DURING  THE  17  NOV  FIELD  EVENT 
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FIGURE  1 1-337 

MSS-FVT  PHASE  II  SITE  fll  SOUTH  CAROIOID 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/1O-0CTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-338 

MSS-FVT  PHASE  II  SITE  A2  SOUTH  CRRDI0ID 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/10-0CTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT 
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FIGURE  11-339 

MSS-FVT  PHRSE  II  SITE  R3  SOUTH  CRRDIOID 
PERCENTILE  LEVELS  OF  1 MIN  RVERRCED  NOISE  GRINS 
THROUGH  1/lO-OCTRVE  uflNOS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  II-3R0 

MSS-FVT  PHASE  II  SITE  A1  WEST  CARDIOIO 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
i THROUGH  i / 1 0- OCTAVE  BANOS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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MSS-FVT  PHASE  II  SITE  A2  WEST  CARO  1010 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  i/lO-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-342 

MSS-FVT  PHRSE  II  SITE  R3  WEST  CRRDIGID 
PERCENTILE  LEVELS  OF  1 MIN  RVERRGED  NOISE  GRINS 
THROUGH  1/lO-OCTRVE  6RNDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  1 1-343 

MSS-FVT  PHASE  II  SITE  fll  VERTICAL  DIPOLE  SENSOR 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/lO-OCTAVE  BANOS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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MSS-FVT  PHASE  II  SITE  R2  VERTICAL  DIPOLE  SENSOR 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/10-QCTAVE  BANOS  OURING  THE  17  NOV  FIELD  EVENT  !U) 
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MSS-FVT  PHASE  II  SITE  A3  VERTICRL  OIPOLE  SENSOR 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  i/IO-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  IU) 
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FIGURE  I I-3M6 

MSS-FVT  PHASE  II  SITE  A!  OIFFERENCEO  NORTH  CAROIOIO 
PERCENTILE  LEVELS  OF  I MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/lO-OCTAVt  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-347 

MSS-FVT  PHRSE  II  SITE  R2  DIFFERENCED  NORTH  CRRDIOID 
PERCENTILE  LEVELS  OF  1 MIN  RVERRGED  NOISE  GRINS 
THROUGH  1/10-GCTRVt  SflNOS  DURING  THE  17  NOV  F!C_D  EVENT  (U) 
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FIGURE  11-348 

MSS-FVT  PHRS E II  SITE  R3  DIFFERENCED  NORTH  CRROI0ID 
PERCENTILE  LEVELS  OF  1 NIN  RVERRGED  NOISE  GRINS 
THROUGH  1/lO-OCTRVE  8RNDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  II-3H9 

MSS-FVT  PHASE  II  SITE  Al  DIFFERENCED  EAST  CRRDIOID 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGEO  NOISE  GAINS 
THROUGH  1/lO-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-350 

MSS-FVT  PHASE  II  SITE  A2  DIFFERENCED  EAST  CARDIOID 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/10-0CTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-351 

MSS-FVT  PHASE  II  SITE  fl3  DIFFERENCEO  ERST  CRRDIOIO 
PERCENTILE  LEVELS  OF  1 MIN  RVERRGED  NOISE  GRINS 
THROUGH  1/1O-0CTRVE  BRNOS  OURING  THE  17  NOV  FIELO  EVENT  (U) 
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FIGURE  11-352 

MSS-m  PHASE  II  SITE  A1  DIFFERENCED  SOUTH  CARD  1 010 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/10-0CTAVE  8ANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 


401 

CONFIDENTIAL 


AS  77-1346 


CONFIDENTIAL 


A *102  8 

FREQUENCY  (HZ) 


m 


FIGURE  11-353 

MSS-FVT  PHRSE  II  SITE  R2  DIFFERENCED  SOUTH  CRRDIOID 
PERCENTILE  LEVELS  OF  1 MIN  RVERRGED  NOISE  GRINS 
THROUGH  1/lO-OCTRVE  BRNOS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-354 

MSS-FVT  PHASE  II  SITE  A3  OIFFERENCED  SOUTH  CAROI0ID 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/10-QCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-356 

MSS-FVT  PHASE  II  SITE  A2  DIFFERENCED  WEST  CARDIOID 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/lO-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U ) 
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HSS-FVT  PHASE  II  SITE  A3  DIFFERENCED  WEST  CAROIOIO 
PERCENTILE  LEVELS  OF  1 MIN  AVERAGED  NOISE  GAINS 
THROUGH  1/lO-OCTAVE  BANDS  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-358 

MSS-FVT  STANDARD  RESOLUTION  CLUTTER  RESULTS 
FOR  THE  QMV  J 0 1 RFC T I ONflL  SENSOR 
AT  SITE  A1  DURING  THE  17  NOV  FIELD  EVENT  (ui 
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FIGURE  11-362 

MSS-FVT  STANDARD  RESOLUTION  CLUTTER  RESULTS 
FOR  THE  DIFFERENCED  CRRDI0IDS  SENSOR 
AT  SITE  fil  DURING  THE  17  NOV  FIELD  EVENT  C U I 
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FIGURE  1 1-364 

MSS-FVT  STRNDRRO  RESOLUTION  CLUTTER  RESULTS 
FOR  THE  SINGLE  CRRDIOIDS  SENSOR 
RT  SITE  R2  DURING  THE  17  NOV  FIELD  EVENT  CU) 
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FIGURE  11-367 

MSS-FVT  STRNORRO  RESOLUTION  CLUTTER  RESULTS 
FOR  THE  DIFFERENCED  CRRDIOIDS  SENSOR 
RT  SITE  R2  DURING  THE  17  NOV  FIELD  EVENT  (U) 
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FIGURE  11-372 

MSS-FVT  STRNDRRD  RESOLUTION  CLUTTER  RESULTS 
FOR  THE  DIFFERENCED  CRRDIQIDS  SENSOR 
RT  SITE  ft 3 DURING  THE  17  NOV  FIELD  EVENT  (U) 
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